Nonhomologous DNA end joining in cell-free systems.
Double strand DNA breaks are usually caused by ionizing radiation and radiomimetic drugs, but can also occur under normal physiological conditions during double strand break-induced recombination, such as the rearrangement of T-cell receptor and immunoglobulin genes during lymphoid development or the mating type switching in yeast. The main repair mechanism for double strand breaks in higher eukaryotes is nonhomologous DNA end joining (NHEJ), which modifies and ligates the two DNA ends without the help of extensive base-pairing interactions for alignment. Defects in double strand break repair are associated with radiosensitivity, predisposition to cancer and immunodeficiency syndromes, and the analysis of the underlying mutations has lead to the identification of several proteins involved in NHEJ. However, these genetic studies have yielded little information on the mechanism of NHEJ, and while some of the protein factors identified possess the expected enzymatic or DNA-binding activities, the precise role of others remains unclear. Systems for cell-free NHEJ have been available for over 10 years, but the biochemical analysis of NHEJ has lagged behind the genetic analysis, and not a single protein factor required for NHEJ has been identified by biochemical purification and reconstitution of NHEJ activity. Here I review the current status of in vitro systems for NHEJ, summarize the results obtained and information gained, and discuss the outlook for biochemical approaches to study NHEJ.